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Ultrasonographic evaluation of reticular motility during rest,
eating, rumination and stress in 30 healthy cows
Abstract
A 3.5 MHz linear transducer was used to assess the motility of the reticulum in 30 healthy, standing,
non-sedated cows while they were at rest, eating, ruminating and under stress. The ultrasonographic
examinations were made over periods of nine minutes and video recorded for analysis. The reticulum
contracted in a biphasic pattern while the cows were resting, eating or stressed. The first contraction was
incomplete and was followed by a period of incomplete relaxation. A complete second contraction
occurred immediately afterwards, followed by an interval of complete relaxation and the return of the
organ to its original position. When the cows were ruminating, a regurgitation contraction, which was
incomplete, occurred immediately before the biphasic contraction. The number of reticular contractions
in a nine-minute period was largest when the cows were eating (13.9 contractions, or approximately 1.5
per minute) and smallest when they were stressed (9.3 contractions, or approximately 1 per minute). The
duration of the first reticular contraction was shortest during rumination (2.4 seconds) and longest when
the cows were eating (3.0 seconds). The interval between two biphasic contractions was shortest when
the cows were eating (31.6 seconds) and longest when they were stressed (53.8 seconds).
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Summary 
 A 3.5 MHz linear transducer was used to assess reticular motility in 30 healthy, 
standing, non-sedated cows at rest, during eating and rumination and when stressed. 
The ultrasonographic examinations were video recorded for analysis. The number and 
type of contractions, the amplitude and velocity of the first reticular contraction and the 
duration of the interval between biphasic contractions were determined over a nine-
minute period. The reticulum contracted in a biphasic pattern while the cows were 
resting, eating or stressed. The first contraction was incomplete and was followed by a 
period of incomplete relaxation. A complete second contraction occurred immediately 
afterwards followed by an interval of complete relaxation and return of the organ to its 
original position. During rumination, a regurgitation contraction, which was 
incomplete, occurred immediately before a biphasic contraction. Compared to cows at 
rest, there were significant differences in the number of contractions, the duration of 
the first contraction and the interval between two biphasic contractions during eating, 
rumination and stress. The number of reticular contractions in a nine-minute period 
was largest when the cows were eating (13.9 contractions or approximately 1.5/minute) 
and smallest during stress (9.3 contractions or approximately 1/minute). The duration 
of the first reticular contraction was shortest during rumination (2.4 seconds) and 
longest during eating (3.0 seconds). The interval between two biphasic contractions 
was shortest when the cows were eating (31.6 seconds) and longest when they were 
stressed (53.8 seconds). Changes in reticular motility are seen during eating, 
rumination and stressful situations. 
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Introduction 
Reticular motility is of central importance in forestomach function and can be 
evaluated invasively or non-invasively. Invasive methods include the placement of air- 
or water-filled pressure balloons (Balch 1958), fluid-filled catheters (Sellers and 
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Stevens 1966, Okine and others 1989, Okine and Mathison 1991, Okine and others 
1993, 1994) or radiotransducers (Dracy and Kurtenbach 1965, Dracy and others 1972) 
in the reticulum. These devices measure the frequency and duration of reticular 
contractions but not the extent or velocity of contractions. Non-invasive methods 
include counting the number of reticular contractions by measuring myoelectric 
activity (Sissons and others 1984) or ultrasonographic examination (Götz 1992, Braun 
and Götz 1994, Kaske and others 1994). With ultrasonography, the frequency, 
duration, velocity and amplitude of reticular contractions can be determined, and 
lesions, such as fibrinous deposits and abscesses, in the reticulum or adjacent organs 
can be detected. In contrast to other methods, ultrasonography provides direct 
visualization of reticular motility and can be carried out on a large number of patients 
because it is straightforward and non-invasive. Reticular motility has been evaluated 
via ultrasonography in healthy cows at rest and in cows with traumatic 
reticuloperitonitis, reticular abscesses and reticulo-omasal stenosis (Braun and others 
1993, 1998, 2002, Braun and Götz 1994, Kaske and others 1994). Reticular function 
during eating and rumination has only been studied in a small population using 
invasive methods, which were unable to evaluate the velocity and amplitude of 
reticular contractions. To the authors’ knowledge, there are no studies on the effect of 
stress on reticular motility. The goal of the present study was to evaluate reticular 
motility sonographically in 30 healthy cows during rest, eating and rumination and 
stressful conditions. 
 
Materials and methods 
Animals 
 Thirty healthy cows destined for slaughter were used. There were 27 Braun Swiss 
and three Simmental cows, which ranged in age from three to seven years (mean, 4.5 
years) and weighed 550 to 790 kg (mean [sd], 645.3 [65.7] kg). Before entry into the 
study, all the cows underwent a clinical examination and an ultrasonographic 
examination of the reticulum to confirm that they were healthy. 
 4
 
Ultrasonographic examination 
 A 3.5 MHz linear transducer was used to examine the reticulum in standing non-
sedated cows as described by Götz 1992, Braun and Götz 1994, Braun 2003 and Rauch 
2007. Reticular motility was assessed at the following times: while the cows were at 
rest, which occurred before the morning feeding; while the cows ate hay; during 
rumination, which was evaluated as soon as the cow regurgitated a food bolus; and 
during a stressful situation. Stress was simulated by placing the cow in a claw 
trimming chute for 60 minutes. Each hind limb was tied with a rope and elevated for 
30 minutes to simulate positioning for claw trimming, although trimming was not 
carried out. Reticular motility was assessed after 60 minutes with one of the hind limbs 
still in the “tied up position”. An electric grinder was engaged and placed on the floor 
in front of the cow to serve as an additional acoustic stress during the ultrasonographic 
examination. Blood was collected for determination of serum cortisol levels at time 0 
and 60 minutes later. The cortisol concentration increased significantly from a mean 
[SD] of 60.1 [36.2] nmol/l at time 0 to 196.4 [33.5] nmol/l at time 60 min (P< 0.01, 
Rauch 2007). 
  
Video recording of ultrasonographic examination 
 The ultrasonographic examination was video-filmed and analysed as described by 
Götz 1992, Braun and Götz 1994 and Rauch 2007. In each nine-minute recording, the 
number of reticular contractions and the duration of the interval between each biphasic 
contraction were determined (Fig 1). A stop watch was used to measure the latter and 
the duration of the first and second reticular contractions. The amplitude of the first 
and second contractions was determined with an electronic ruler placed in the direction 
of the contraction. During the first reticular contraction, the mean velocity was 
calculated by timing the contraction over a distance of 4 cm. The duration and 
amplitude of the regurgitation contraction and the duration of the interval between the 
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regurgitation contraction and the biphasic contraction were determined in a similar 
fashion.  
 
Postmortem examination 
 The cows were slaughtered and necropsied immediately after the ultrasonographic 
examination. The internal organs were examined macroscopically and the reticulum 
was incised and examined for mucosal lesions, foreign bodies and magnets.  
 
Approval of the study by an ethical committe 
The study was approved by an ethical committee of the canton of Zurich, Switzerland. 
 
Statistical analysis 
 Frequency distributions and means (sd) of the measurements were calculated using 
StatView 5.1 (SAS Institute). Analysis of variance (ANOVA) and a paired t-test were 
used to determine differences between values compared with those measured at rest. 
 
Results 
 The reticulum could be visualized in all the cows as described previously (Götz 
1992, Braun and Götz 1994). It appeared as a half-moon-shaped structure, which 
contracted at regular intervals and was situated immediately adjacent to the 
peritoneum. Fibrinous adhesions or abscesses were not seen. The reticulum had 
biphasic contractions during eating, rest and stress (Fig 1). The first contraction was 
incomplete and followed by an interval of incomplete relaxation. This was immediately 
followed by a second complete contraction and an interval of complete relaxation in 
which the reticulum returned to its initial position. During rumination, the biphasic 
reticular contraction was immediately preceded by a regurgitation contraction during 
which the food bolus was propelled into the oesophagus and delivered into the mouth 
by anti-peristaltic waves. The regurgitation contraction was an incomplete contraction 
followed by a period of incomplete relaxation. 
 
 
Figure 1: Schematic representation of reticular motility, modified after Sellers and 
Stevens (1966). 1 Amplitude of the first reticular contraction, 2 Amplitude of second 
reticular contraction, 3 Duration of first reticular contraction, 4 Duration of second 
reticular contraction, 5 Interval between two biphasic contractions, 6 Amplitude of 
regurgitation contraction, 7 Duration of regurgitation contraction, 8 Interval between 
the regurgitation contraction and first reticular contraction 
 
 
Reticular motility at rest 
 With the cow at rest, the mean number of reticular contractions in a nine-minute 
period was 10.9 [1.18] roughly 1 per minute (Table 1). The first contraction (labelled 3 
in Figure 1)  lasted 2.2 to 3.4 seconds and the reticulum contracted 5.0 to 10.9 cm at a 
velocity of 4.1 to 10.0 cm/second. The second reticular contraction (4 in Figure 1) was 
longer and lasted 2.7 to 6.1 seconds. The amplitude of the second contraction could be 
measured in only three cows because in the other 27, the amplitude was larger than the 
penetration capacity of the transducer. The time between two biphasic contractions 
ranged from 33.4 to 58.9 seconds.  
 
Reticular motility during eating 
 During eating, the mean number of reticular contractions in a nine-minute period 
was 13.9 [1.51] or approximately 1.5/minute (Table 1). For the first contraction, the 
duration ranged from 2.3 to 3.7 seconds, the amplitude varied from 4.0 to 11.1 cm and 
the velocity ranged from 3.3 to 10.6 cm/second. The second contraction lasted 3.4 to 
5.8 seconds. The amplitude of the second contraction could not be measured because 
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of limitation of the depth of penetration of the transducer. The time between two 
biphasic contractions ranged from 24.8 to 40.7 seconds. 
 
Reticular motility during rumination 
 During rumination, the mean number of reticular contractions in a nine-minute 
period was 9.7 [1.51] or roughly 1 per minute (Table 1). The first contraction lasted 1.9 
to 2.7 seconds, and the reticulum contracted by 6.8 to 11.3 cm at a speed of 4.8 to 9.8 
cm/second. The second reticular contraction lasted 2.5 to 5.1 seconds, but in this case 
the large amplitude of the contraction could not be measured in any of the cows. The 
time between two biphasic contractions ranged from 29.2 to 60.6 seconds. A 
regurgitation contraction, which occurred immediately before the first reticular 
contraction and lasted 2.3 to 4.3 seconds, was observed in all the cows. In 28 cows, 
there was a mean interval of 1.28 [0.58] seconds between the regurgitation contraction 
and the following biphasic contraction. In two cows there was no interval between the 
regurgitation and biphasic contractions.  
 
Reticular motility during stress 
 Under stress in a claw-trimming chute, the mean number of reticular contractions 
in a nine-minute period was 9.3 [1.82], again roughly 1 per minute (Table 1). The first 
contraction lasted 2.4 to 3.7 seconds and had a velocity of 3.1 to 11.6 cm/second, and 
the reticulum contracted by 4.5 to 11.8 cm. The second reticular contraction lasted 2.6 
to 6.7 seconds. Yet, again, the amplitude of this contraction could not be measured in 
any of the cows. The interval between two biphasic contractions ranged from 32.9 to 
105.4 seconds.  
 
Comparison of reticular motility 
 Comparison of values at rest with those during eating, rumination and stress 
revealed significant differences in the number of reticular contractions per nine-minute 
period, the duration of the first reticular contraction and the interval between two 
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biphasic contractions (Table 1). There were no other significant differences. When 
compared with cows at rest (10.9 contractions), the number of reticular contractions 
was significantly higher during eating (13.9 contractions) and significantly lower 
during rumination (9.7 contractions) or stress (9.3 contractions; Fig 2a). Compared 
with cows at rest (2.8 seconds), the duration of the first reticular contraction was 
significantly longer during eating (3.0 seconds), significantly shorter during rumination 
(2.4 seconds) and not significantly different during stress (2.9 seconds; Fig 2b). 
Compared with cows at rest (42.6 seconds), the interval between two biphasic 
contractions was significantly shorter during eating (31.6 seconds), significantly longer 
during stress (53.8 seconds) and not significantly different during rumination (45.6 
seconds; Fig 2c).  
 
Postmortem findings 
 Macroscopic examination revealed no lesions. The reticular wall was smooth and 
had no adhesions, and there was no evidence of traumatic reticuloperitonitis in any of 
the cows. 
 
Discussion 
 The pattern of reticular motility observed was similar to that of other studies 
(Sellers and Stevens 1966, Constable and others 1990, Braun and Götz 1994). 
Significant differences were recorded for the number of reticular contractions, the 
duration of the first contraction and the interval between two biphasic contractions 
among the variables studied. The number of reticular contractions was highest when 
the cows were eating (1.5 per minute) and lowest when the cows were stressed (1.0 per 
minute). The number during rest (1.2 per 9 minute) fell between these values and was 
similar to values reported in the literature which range from 1.05 to 1.41 contractions 
per minute (Sellers and Stevens 1966, Okine and others 1989, Okine and Mathison 
1991, Okine and others 1993, 1994, Phuntsok and others 1998). 
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 An increase in the number of reticular contractions while eating may be attributable 
to mechanical stimulation of buccal mechanoreceptors and subsequent stimulation of 
the gastric centre in the medulla oblongata via afferent nerves (Constable and others 
1990). The ingested food also stimulates the reticuloruminal low-threshold tension 
receptors, which are mainly responsible for the frequency, amplitude and duration of 
primary contractions in the reticulum and rumen (Constable and others 1990, Kaske 
2000). The number of reticular contractions during eating has been variously reported 
to be from 1.2 to 1.9 per minute (Sissons and others 1984, Balch 1958, Sellers and 
Stevens 1966, Dracy and others 1972, Okine and others 1989, Okine and Mathison 
1991, Okine and others 1993, 1994). All those studies concluded that the reticular 
motility is greatest during eating to aid in digestion. 
 The frequency of contractions was lowest during rumination and is associated with 
the rhythm of rumination. Each rumination cycle begins with regurgitation of a food 
bolus into the mouth, which is achieved by an extra reticular contraction immediately 
before a biphasic contraction. The frequency of reticular contractions is influenced by 
the fibre content and structure of the feed. Structured feed is chewed for a longer 
period of time than unstructured feed. The result is that the frequency of reticular 
contractions in cows eating hay, as was the case in our study, is decreased.  
 Stress resulted in a decrease in the number of reticular contractions in a nine-
minute period. However, the range was 4.9 to 13.2 contractions per nine minutes, 
which emphasizes the variability in response to stress among the cows. A temporary 
decrease in the number of reticular contractions may lead to digestive upset with 
associated energy deficiency. For this reason, reduction of stress during procedures 
such as claw trimming is crucial. 
 The duration of the first reticular contraction was longest during eating (3.0 
seconds) and shortest during rumination (2.4 seconds). Longer contractions are the 
result of a full reticulum. Studies using fluid-filled pressure sensors in cattle with 
rumen fistulas have shown that the duration of reticular contractions increases with an 
increase in reticular fill (Okine and others 1989, Okine and Mathison 1991). It was 
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interesting that the duration of the first reticular contraction during rumination was the 
shortest at 2.4 seconds. A possible reason for this is that the contraction associated with 
regurgitation of a food bolus fulfils part of the function of the first regular contraction, 
rendering it shorter. Otherwise there seemed to be little difference in these contractions 
between rest, eating and stress. However the interval between biphasic contractions 
varied significantly among the different trials.  
 Finally, the interval between biphasic contractions varied significantly among the 
different trials. As the number of contractions per nine-minute period increased, the 
interval between biphasic contractions decreased, and vice versa. Thus, this interval 
was shortest during eating (31.6 seconds) and longest during stress (53.8 seconds). A 
temporary decrease in the number of reticular contractions may lead to digestive upset 
with associated energy deficiency. For this reason, reduction of stress generally and 
especially during procedures such as claw trimming is crucial. 
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Table 1: Reticular motility in 30 healthy cows at rest, during eating, rumination and when subjected to stress 
 Rest Eating Rumination Stress 
 
Variable 
Mean 
(range) 
SD 
(n) 
Mean 
(range) 
SD 
(n) 
Mean 
(range) 
SD 
(n) 
Mean 
(range) 
SD 
(n) 
Number of 
contractions 
Per 9 minutes 10.9 
(8.0-13.3) 
1.18 
(30) 
13.9* 
(11.0-17.0) 
1.51 
(30) 
9.7* 
(7.5-13.0) 
1.51 
(30) 
9.3*  
(4.9-13.2) 
1.82 
(30) 
 Per minute 1.2 
(0.9-1.5) 
0.13 
(30) 
1.6 
(1.2-1.8) 
0.17 
(30) 
1.1 
(0.8-1.5) 
0.17 
(30) 
1.0 
(0.5-1.5) 
0.20 
(30) 
First  
contraction 
Duration (sec) 2.8 
(2.2-3.4) 
0.30 
(30) 
3.0* 
(2.3-3.7) 
0.33 
(30) 
2.4* 
(1.9-2.7) 
0.29 
(30) 
2.9 
(2.4-3.7) 
0.31 
(30) 
 Amplitude (cm) 8.7 
(5.0-10.9) 
1.96 
(27) 
7.9 
(4.0-11.1) 
1.25 
(28) 
8.7 
(6.8-11.3) 
1.40 
(19) 
8.3 
(4.5-11.8) 
2.05 
(29 
 Velocity 
(cm/sec) 
7.0 
(4.1-10.0) 
1.67 
(30) 
6.5 
(3.3-10.6) 
1.94 
(29) 
7.5 
(4.8-9.8) 
1.17 
(21) 
7.1 
(3.1-11.6) 
1.97 
(30) 
Second 
contraction 
Duration (sec) 4.2 
(2.7-6.1) 
0.77 
(30) 
4.3 
(3.4-5.8) 
0.59 
(30) 
4.0 
(2.5-5.1) 
0.67 
(30) 
4.3 
(2.6-6.7) 
0.73 
(30) 
 Amplitude (cm) 11.2 
(9.7-13.2) 
1.79 
(3) 
9.9 NA 
(1) 
NA NA NA NA 
Regurgitation 
contraction 
Duration (sec) NA NA NA NA 3.2 
(2.3-4.3) 
0.54 
(30) 
NA NA 
 Amplitude (cm) NA NA NA NA 8.0 
(5.2-10.4) 
1.53 
(26) 
NA NA 
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Continuation of Table 1 
 Rest Eating Rumination Stress 
 
Variable 
Mean 
(range) 
SD 
(n) 
Mean 
(range) 
SD 
(n) 
Mean 
(range) 
SD 
(n) 
Mean 
(range) 
SD 
(n) 
Intervals Interval 1 (sec) 42.6 
(33.4-58.9) 
5.55 
(30) 
31.6* 
(24.8-40.7) 
3.97 
(30) 
45.6 
(29.2-60.6) 
8.64 
(30) 
53.8* 
(32.9-105.4 
14.48 
(30) 
 Interval 2 (sec) NA NA NA NA 1.28 
(0.5-2.4) 
0.58 
(28) 
NA NA 
 
* Significantly different from cows at rest; P < 0.01 
NA Not applicable  
n  Number of cows in which the variable could be measured 
Interval 1 : Interval between two consecutive biphasic contractions 
Interval 2 : Interval between a regurgitation contraction and the following biphasic contraction 
 
 Figure 2: Number of reticular contractions per nine minutes (a), duration of the first 
reticular contraction (b) and the interval between two biphasic contractions (c) in 30 
healthy cows at rest, during eating, rumination and when subjected to stress.  
* Significantly different from cows at rest; P < 0.01 
 
